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1. I have my Bachelors' (1976) and Master of 
Science (1979) degrees in biology from the California 
State University at Northridge. Before receiving a 
doctoral degree, I was involved in research 
biochemistry at Michigan State University. In 1987, 

I received a PhD from UC Davis in Plant Microbe 
Interactions. After receiving my doctoral degree, I 
performed research in molecular virology at Calgene 
and in other positions. At the present time, I am a 
Visiting Scholar in the Department of Plant Pathology 
and in the Department of Viticulture and Enology at 
UC Davis . 1 am one of the inventors named on the 
subject patent application, 
I . INTRODUCTION 

2 . I have been asked to provide a declaration 
on the issue of whether or not the invention claimed 
in this application, namely -the FMV 34S promoter, 
would have been obvious at t^Q time that the 
invention was made . I submitted a previous 
declaration in connection with parent Application 
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Serial No. 07/431,429. The substance of the earlier 
declaration was that the invention claimed in this 
application was made at least prior to November 13, 
1988. Therefore, in commenting on the question of 
whether the PMV 34S would have been obvious, 1 am 
speaking from the perspective of the state of the art 
in 1988 and prior to 1988. 

3. In 1988, there was only one plant viral 
promoter system understood: CaMV 35S. Since this 
single system represented the state of the art, it 
would not have been possible to make any 
generalizations or predictions about other viral 
promoter systems. A single data point (CaMV 35S) 
could not reasonably provide a scientific basis for 
making sound predictions of likely promoter activity 
and strength. There was sufficient information to 
expect that there was a promoter site to examine. 
However, there was no information as to the strength 
and utility of said promoter. I found the promoter 
sequence (CAT and tata without the upstream region) 
that was visible to be of almost zero activity and 
comparable to other examples of low activity 
sequences. The useful activity of this promoter 
derives from sequences distant from the simple 
promoter motif. There was no sequence identity 
between this promoter and the CaMV 35S promoter, so 
promoter strenth was not obvious. ..At that time, 
there was no general knowledge for caulimoviruses 
that sequences distant from this promoter would 
enhance its utility. We did not know what to expect. 

4. Even now, about five years later, after the 
identification and characterization of many plant 
viral promoter systems, a review of promoter 
structure provides little or no guidance which would 
enable one to predict the function of a specific 
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Btructure. Ultimately, one has to isolate, implement 
and characterize a promoter to see if the promoter 
has the desired activity. Below, I describe in 
detail how function does not necessarily follow 
structure in comparing CaMV 35S to FMV 34S. 
II, RELATION OP DNA SEQUENCE TO PROMOTER ACTIVITY 

5. The notion that promoter quality can be 
predicted from sequence gazing is untenable. The 
sequences of the CaMV 35S and FMV 34S promoters are 
quite different, except for the basic CAAT and TATA 
motifs, which are common to most eucaryotic 
promoters. These baaic motifs appear in the I9S 
promoter of CaMV, yet this promoter is much weaker 
than the 35S promoter (Guilley et al, 1982) . The 
promoter in the region of SoyCMV gene III is similar 
to the 19S promoter from CaMV, yet it is comparable 
in strength in vitro to that of the 35S (Hasagawa et 
al, 1989) . In fact, these motifs are well away from 
feh« infe»r»sifeing r^gianm of Ch© promoter which 
contribute to promoter activity. However, despite 
the great dissimilarities, the strengths of these 
promoters are comparable (Sanger et al, 1990) . 

6. Moreover, small, superfieially 

insignificant changes in the overall context of the 
CaMV 35S promoter can have big effects on promoter 
strength (Ow et al, 1987, Odell et al, 1985). 

7. Therefore, even though sequence analysis 
can reveal the extent of homology in related domains 
(e.g., the CAAT and TATA motifs), an investigation 
involving the isolation, purification, and 
engineering into a quantitative expression system is 
essential for any promoter before a meaningful 
conclusion about its relative strength can be made. 
We can now say that the 35S promoter from CaMV is 
comparable to the 34S promoter from FMV, Having said 
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that, we can infer that the parallel contexts of 
thee© promoter domains must therefore call for a 
strong promoter at that general position for any 
caulimovirus. But, before the characterization of 
the 34S FMV promoter was undertaken, such a claim 
would have been completely without substance, based 
on extrapolation from one single example. 

III. RELATIONSHIP BETWEEN PROMOTER STRENGTH AND VIRAL 
TITER 

8 . There is no proven relationship between the 
strength of a given viral promoter and the 
aggressiveness of the parent virus in planta . 
Furthermore, the severity, viral titer, 
aggressiveness of CaMV is much different from that of 
FMV, so that if, e.g. viral titer were to be an 
indicator to promoter strength, we would expect the 
PMV 34S promoter to be much weaker th»n the CaMV 3SS. 

9 . We have had great difficulty in the 
purification of virus from the strain of FMV from 
which the 34S promoter was derived. However, using 
the same procedure, we can readily purify mg amounts 
of CaMV, of the strain from which the 35S promoter 
was derived. This difference reflects the difference 
in their titers. The titer of CaMV, of the type from 
which the 35S promoter was derived, is approx. 6 to 
10 mg virus recovered per 1 kg infected tissue (Hull 
et al, 1976) . The titer of wild-type FMV, the type 
from which the 34S promoter was derived, is approx, 
330 ug virus per kg tissue (Shepherd et al, 1987) . 
The adaptation of FMV during the course of routine 
laboratory maintenance of viral stocks passaged 
repeatedly through a greenhouse host will produce a 
raised- titer strain. This adaptation is thought to 
be due to changes within viral gene VI (Shepherd et 
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al, 1987; Sanger et al , 1991); it has not been 
suggested that the change derives from the 34S 
promoter. The 34S promoter characterized by Sanger 

8fe al> (1990) is from a low EiEer strain of PMV, yet 
it is comparable in strength to the 35S promoter. We 
would be very much surprised if the strength of the 
34S promoter in an adapted, higher titer PMV strain 
would be greater in proportion to an increase in 
titer: this would require an increase in its 
strength well beyond that of the CaMV 35S promoter. 
The titer of virus stocks varies with host plant 
species, stage of the infection, environmental 
conditions of growth, and the strain of the virus 
used, while the sequence of the various promoter 
domains is, of course, invariant. 

10. The steps in caulimoviral propagation which 
limit aggressiveness are not known, nor are they for 

Qther plant virui glaeseg, but, a-pgiori . feh@ FMV 34§ 

promoter does not appear to function at a step that 
might limit viral propagation. It is thought to be 
involved with the transcription of viral RNA from the 
supereoiled vital genomlG DNA in the nucleus . Thia 
RMA goes to the cytoplasm, where it is thought to be 
a template for the translation of viral genes I 
through V. None of these gene products are prominent 
in infected cells. However, gene IV is the viral 
capsid protein. At least 60 copies of this protein 
are required (to build the icosohedral viral capsid) 
for every copy of viral replicase (gene V product) 
nonetheless, both of these products are thought to 
come from the same 34S- derived transcript. Clearly, 
some pQSt -transcriptional step effects expression of 
these genes, and therefore the 34S -mediated 
transcription step is only secondarily involved with 
viral propagation rates. 
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11. The movement of the virus from initially 
infected cells to spread through the host is very 
likely important in the establishment of a high titer 
Infection. Though the caulimoviral gene/genes 
involved in this ar© not characterized, they are most 
likely proteins (by analogy to systems wherein 
movement is understood), not promoter elements. 

12. Virus capsids appear to be assembled within 
virus -specific cytopathic inclusions, thought to be 
made up, in large part, from the product of viral 
gene VI. Viral gene VI is likely to be the sequence 
which determines aggressiveness in caulimovirus 
infection (Daubert et al., 1983). This is the only 
gene in CaMV with its own dedicated promoter of RNA 
transcription from the supercoiled nuclear viral 
genome (the 19S promoter) . The gene VI product is 
prominent, the only viral protein detectable in 
infected cells by standard protein- staining 
techniques {Young et al, 1987) . The only mutations 
having modulating effects on viral infectivity are 
within gene VI (Daubert et al, 1983; Daubert s? Royth., 
3.9$)0) . Thu«i, ther« le ovtaoneo from which we might 
predict that the systems involved in the expression 
of viral gene VI may be a predictor of viral 
aggressiveness. On the other hand, we have no direct 
evidence that changes in the PMV 34S promoter have a 
bearing on viral aggressiveness, or of the converse, 
that viral aggressiveness will be a reflection of FMV 
34S promoter activity. 

Executed this A' day of May, 1993 at Davis, 
California. 
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© A fulhiength transcript promoter from (Igwort mo- 
saic virus (FMV) is identified and its DNA sequence 
given. The promoter functions as a strong and uni- 
form promoter for chimeric genes Inserted into plant 
ceils, This §tr9f19 promoter fyricllpn Is exhibited by a 
histochemical assay in llorai buds and by reproduc- 
tive scores of transgenic plants including the pro- 
moter. The promoter preferably includes a 5' leader 
sequence that may be from the FMV itself or from a 
heterologous source with respect to the promoter. 
The promoter is used in a plant cassette vector, a 
chimeric gene and in methods for transforming plant 
cells to obtain transgenic plants, plant cells or seeds 
incorporating the FMV promoter. 
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PROMOTER FOR TRANSGENIC PLANTS 



Sackaround of tha tnvention 

This invention relates in general to plant ge- 

netie sngineeringi tnd mert pirtiGularlyi to a n9y§! 

promoter for obtaining constitutive and uniform ex- 

preseien of ehimdrle genes in plants. This invgntier^ 
also relates to transgenic plants and plant cells 
containing the pronnoler. 

One of the primary goals of plant genetic en- 
gineering Is to obtain plants having improved char- 
acteristics or traits. The type and number of these 
characteristics Or traits are innumerable, but may 
include virus resistance, insect resistance, herbi- 
cide resistance, enhanced stability or improved nu- 
tritional value, to name a few. Recent advances in 
genetic engineering have enabled researchers in 
the iield to incorporate heterologous genes into 
plant cells to Obtain the desired qualities in the 
plant of choice. Ttiis permits advantageous genos 
from a source different than the transformed plant 

!9 fee IngsrpQrsi*^ inig th? pienvs g^nom?- This 

new gpo« enn then be expretteci in the plant «sii 

to exhibit the new trait or characteristic. 

In order for the newly inserted gene to express 
the protein for which it codes in the plant cell, the 
proper regulatory signals must be present and in 
the preper leeetien with fespeet te the gene, These 
regulatory signals include a promoter region, a s' 
non-translated leader sequence and a 3 
polyadenylalion sequence. The promoter is a DNA 
sequence that directs the cellular machinery to 
produce RNA. The promoter region influences the 
rate at which the RNA product of the gene and 
resultai^t protein product of the gene is made. The 
3 -polyadenylation signal is a non-translated region 
that functions in plant cells to cause the addition of 
poly adenylate nucleotides to the 3 end of the RNA 
to stabilise the RNA in the cytoplasm for subse- 
quent translation of the RNA to produce protein. 

It has previously been shown that certain pro- 
moters are able to direct RNA synthesis at a higher 
rate than others. These are called strong promot- 
ers. Certain promoters have also been shown to 
direct RNA production at higher levels only in par- 
ticular types of cells and tissues. Those promoters 
ttiat direct RNA production in many or alt tissues of 
a plant are called constitutive promoters. 

Previous work had shown that the 35S pro- 
moter from the cauliflower mosaic virus (CaMV35S) 
was the strongest constitutive promoter known in 
plants (Odell et al.. 1985; Jensen et a!., 1986: 
Jefferson et al.. 1987; Kay et al., 1987; Sanders et 
al.. 1987). This had Iseen shown by demonstrating 
measurable levels of reporter gene proteins or 
mRNAs in extracts prepared from the leaves. 



stems, roots and flowers of transgenic plants. As a 
result, the CaMV35S promoter has been widely 
used by scientists in the field of plant genetic 

§ngin@§ring. 

5 Although the CaMV3SS promoter appeared to 

be a strong, eenstllutlMe orometec In assays invely/* 

ing cell extracts, detailed histological analysis of a 
reporter gene product that is detectable at the cell 
and tissue level showed a rather high degree of 

10 variability of expression of this gene ^sroduct. This 
histological analysis revealed an unknown and un- 
expected variability in the expression of a gene 
product driven by the CaMv35S promoter. This 
variable level and site of expression is believed to 

?5 have two primary causes. The first is that variability 
is an intrinsic property of the CaMV35S promoter. 
The second is that the variability is caused by tho 
position that the Cafv/1V35S promoter driven Dna 
Sequence is integrated into the genome ol the 

so transformed plant. When a gene is introduced into 
a planl S9ll! th§ nSYY BNA &g59rP9§ lr!S9rp9r9!ed at 
rendem IsQatlons In tha plnnt I3NA, This yarleblllty 
in location or insert position leads to a variation in 
the level of promoter activity and protein produc- 

25 tion from individual transtormants. As a result, a 
large number of individual transgenic plants must 

be essayed te llr^d these that preduee the highest 
levels of gerie product in most or all of the tissues 
of the plants. Even the presumed strong, constilu- 

30 five CalvlV35S promoter is subject to the effect of 
insertion position variability and its use requires 
that a relatively large number of transformed plants 
be screened to find ones having appropriate levels 
of gene expression. Thus, it is clear that a need 

as exists in plant genetic engineering for promoters 
that express high levels of chimeric gene product, 
but that is less subject to the wide variation in 
tissue level expression due to intrinsic properties of 
the promoter or caused by the effect of insertion 

40 position in transgenic plant DNA. 

Other caulimovirusBs, a group of double- 
stranded DNA viruses to which the cauliflower mo- 
saic virus belongs, were considered as a potential 
source for such a promoter. Two caulimoviruses 

4s that are distantly related to CafVIV have been pre- 
viously described. The figworl mosaic virus (Ffv^V) 
was described by Richins et al. (19S7) and the 
carnation etched ring virus (CERV) was described 
by Hull et al, (1986). The DNA sequence and 

50 predicted gene organization of each of these two 
viruses were similar enough to the CaMV to permit 
Richins et al. to speculate as to the locations of the 
PMV and CERV homologues of the CaMV35S pro- 
moter. There was. however, little conservation of 
DNA sequences in these presumptive promoter 
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regions and no confimilng RNA transcript anal/sis 
had been carried out to provide a ciemons(ration of 
the exact location of tt\e promoter seciuencee. 

mush * thAwine thAt a prdmetdr fram PMSJ 
would provide 9n Increased and more uniform level 
of expression of a chimeric gene in plants- 

It is therefore a primary object of the present 
invention to provide a promoter for use in trans- 
genic plants that exhibits an increased and more 
uniform level of expression of a gene product 
drivSh by (^6 @fdF»6<8f it^SH {Mi 6Ci>^ibit@d by fSrS^ 
viously known plant promoters. 

It is another object of the present invention to 
provide a promoter for use in transgenic plants that 
is less affected by insertion position effects than 
previously known and used plant promoters. 

It is a further object of the present invention to 
provide a promoter for use in transgenic plants that 
exhibits a higher level of expression of a geno 
product driven by the promoter in many of the 
tissues and cells of the plant, particuarly the floral 
buds, than that exhibited by previously known plant 
promoters. 

It is yet another object of the present invention 
to provide such a promoter tor the expression of a 
chimeric gene in plants that is obtained from the 
full-length transcript of the figwori mosaic virus. 

Other and further objects of th© invention will 
be made clear or become apparent from the follow- 
ing description and claims when read in light of the 
accompanying drawings. 



meter (6). 

Figure 12 shows the reproductive scores of tran- 
sgenic plants containing mutant EPSPS under 

ths eafttral ef the FMV tulUlengtH ir&ftttti^i &ro> 
S moter <PMON996) or CaMVe358 promoter 

(PMON899) after glyphosate application. 

Summary of the Invention 

to It has been discovered that the fuluiength tran- 

(FMV) functions as a strong and uniform promoter 
for chimeric genes inserted into plant cells, particu- 
larly in Jhe cells comprising the floral buds. The 

>s resulting transgenic plant expreises the protein en- 
coded by the inserted gene at 'a higher and more 
uniform level throughout the tissues and cells of 
the transformed plant than Ihe same gene driven 
by an enhanced CalVIV3SS promoter. The DNA 

20 sequence of the promoter is located between 
nucleotides 6368 and 6930 of the FfvIV genome. A 
5' non-translated leader sequence is preferably 
coupled with the promoter. The leader sequence 
can bo from the FMV genome itself or can be from 

25 a source other than IrMV. 

Other aspects of the invention include use of 
the FfvIV prornoter in a method for transforming 
plant cells, a cassette vector including the FMV 
promoter, a chimeric gene including th© FMV pro- 

30 moter sequence and transgenic plants, plant cells 
and seeds incorporating the FMV promoter in a 
chimeric gene. 



Brief Description of the Drawin gs 

pjgurd 1 shows the ONA ssqusnes eenteining 
the full'iength transcript premetor from the (ig> 
wort mosaic virus including a 5 leader se- 
quence anrf a small amount of 3 flanking DNA. 
■ Figure 2 shows a physical map of pMON72i. 
Figure 3 shows a physical map of pMON1573. 
Figure 4 shows a physical map of pMON977. 
PigufS S §hews a phy§ieal m&p ef pM5N§8l. 
Figure 6 shows a physical map of pMON994. 
Figure 7 shows the steps employed in the prep- 
aration of pMON994. 

Figure 8 shows a physical map of pMON996. 
Figure 9 Shows the steps employed in the prep- 
aration of pMON996. 

Figure 10 shows a restriction map of the T-DNA 
regions of the Agrobacterium Wmetaciens 
strain pTiT37 plasmid which was disarmed to 
create the AGO Agrobacterium strain. 
Figure 1 1(a) and <b) is a color photograph show- 
ing the presence Of GUS activity in a tobacco 
flower bud transformed with the /S-glucuronidase 
gene driven by the enhanced CaMVeSSS pro- 
moter (a) and the FMV full-length transcript pro- 



36 Detailed Description of the Preferred Embodiment 



The tigwori meeale virus (FMV) le s member ©t 

the caulimoviruses which are a group of double- 
stranded DNA viruses. Other members o( this 
40 group include the cauliflower mosaic virus (CaMV) 
and the carnation etched ring virus (CERV). The 
CaMV and its promoter sequences are well-known 

In th@ mmufB (Gafdf^ef dt ai. I98ii Hohn et §h 

1982; Quitley et al. 1982). The entire nucleotide 
■iS sequence of the FMV DNA has been elucidated 
and reported by Richins et al. (1987). Richins et al. 
reported two intergenic regions in the FMV 
genome: a large intergenic region located between 
open reading frames (ORF) VI and VII and a small 
so intergenic region located between ORFs V and VI- 
Richins ©t al. proposed that a promoter sequence 
analogous to the CaMV35S promoter, the major 
mRNA transcript promoter of the CaMV, was lo- 
cated in the large intergenic region of the FMV 
55 genome, but no confirming RNA transcript analysis 
had been carried out to provide a demonstration of 
the exact location of the transcriptional start and. 
consequently, the promoter seouence. 
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On© aspect of the present invention includes 
Isolation of tfie promoter for the full-length tran- 

e6Fi^( fFsm m figwsn mosalG viry: end ths dstsr^ 

minstlen at ttte ■•queneo of thin promotar, Thp 

promoter preferably Includes a 5 leader sequence 
that may be from the FMV promoter sequence 
itself or from a source heterologous with respect to 
the promoter. 

The Hdvet ppsmeter Of the insUnt invsntien was 
Iselite^ fpam s small DNA fragmont frem a Gsm* 

plete. full-length clone of FMV DNA. A plasmid. 
pFMVScS. was obtained from Dr. R.J, Shepherd of 
the University of Kentucky. The nucleotide se- 
quence of the FfwlV DNA and the organization of 
the FfvIV genome are given in Richins et al. (1987). 
This plasmid contains the complete DNA from Ff^^V 
as adapted for growth on solanaceous hosts as 
described in Shepherd et al. <1987). As a result of 
the adaptation of the FMV DNA for growth on 
solanaceous hosts, the FMV DNA is believed lo 
have undergone a number of mutations at tho 
nucleotide level. In the description and examples 
that follow FMV DNA from such an adapted strain 
is used. It is to be understood that the teachings 
and examples of this invention would also apply to 
a promoter region isolated from a "wild-type" or 
non-adapted FMV DNA with similar advantages and 
results. The original virus was isolated from 
Scrophularia callfomica. The FMV DNA was clon- 
ed into the unique Sad site of pUCl3 <Vieira. J. 
and Messing, J.. 1982) to obtain pFMVSc3. The 
nucleotide sequences shown in the drawing figures 
aessmpsnying thi§ ^isslosyre that reiat© to fmv 

follow the numbering •y*lem used by Richins ©t ol. 

The FfvIV promoter sequence was isolated by 
digesting pFMVSc3 with sspl which cleaves the 
FMV DNA at several sites including between 
nucleotides 6367 and 6368 end between 
nucleotides 6948 and 6949. This releases a 581 
base pair (bp) fiueisgtlde fragment mai ceniains a 

promoter sequence end 18 nucleotides of S non- 
translated leader sequence corresponding to the 
full-length transcript promoter of FMV. The 
nucleotide sequence of this fragment and a small 
amount of flanking DNA is shown in Fig. 1. 

This fragment was purified using the NA-45 
membrane method after electrophoretic separation 
on a 0.8% agarose gel and inserted into plasmid 
pM0N721 that had been cleaved with Stul. A phys- 
ical map of pM0N721 Is shown in Fig. 2. 

As shown in Fig. 2. plasmid pMON72l contains 
8 Stul site in a multilinker flanked by a Hindlll site 
on one side and a Bglll site on the other side. 
Once the Sspl fragment was inserted into 
PMON721 at the Stul site, the resulting transformed 
pMON721 piasmids were screened for idenlilica- 
tion of trensformants carrying the presumed FMV 
full-length RNA transcript promoter fragment ori- 
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anted in the proper manner. A plasmid identified as 
pMONl573 was identified as containing the FMV 

prsmstsr frsgmsnt prspsriy ^ri^nte^ so that the 

pra«uma«i $' or upstream •eouenees e< me pro* 
moter were adjacent to the Hindlll site and the 
untranslated leader sequences terminated a» the 
Bglll site. Fig. 3 is a physical map of pMONi573. 
Once a plasmid containing the FMV major RNA 

(lull'lingth) trangGripl prsmeter §§qyence in the 

S9rr89l srlgntatlsn WS? !69!8'.§^' § c»«»9tte veeter 
containing this promoter was prepared. A cassette 
vector is a cloning vector that typically includes all 
of the necessary elements needed for transforma- 
tion of plants oT plant cells. Typical plant cloning 
vectors comprise selectable and scoreablo marker 
genes. T-DNA borders, cloning sites, appropriate 
fiacterial genes to facilitate identification of tran- 
sconjugates. broad host-range replication and mo- 
bilization functions and other elements as desired. 
A cassette vector containing the FMV major RNA 
transcript promoter of tho present invention in a 
suitable plant transformation vector was prepared 
by starting with the pMON977 plasmid. A physical 
map of pMON977 is as illustrated in Fig. 4. 

As shown in Fig. 4. pMON977 has the following 
elements; a 0.93 kb fragment isolated from iran- 
sposon Tn7 encoding a bacterial 
spectinomycin streptomycin resistance gone 
(SpcStr) that functions as a marker for selection of 
the plasmid in E. coli and Agrobacterium (Fling. 
M E., et al. 1985); a 1.61 kb segment ol DNA 
encoding a chimeric kanamycin resistance gene 
(P-35S Kan NOS3') that permits selection of trans- 

\&mti6 plant tells (Bseit. i.. el al. 1082): a 0.7§ kb 
oriV DNA sequence containing the origin ef replica- 
tion from the Rk2 plasmid (Stalker. D.M., et al- 
1979) a 3.1 kb segment of pBR322 (ori-322) thai 
provides the origin of replication (or maintenance in 
B. coli and the bom site for the conjugational 
(fgnsfi^rmeiipn to \\^~Agrobacterium cells (Sutlille, 
J . 1^79): a 6.56 kb segment frort- pTiT3? (Ih6 Pvul 
to Bell fragment) that carries Ihe nopaline-type T- 
ONA right border (Fraley et al. 1985): and a 1.15 kb 
expression cassette consisting of the 0.66 kb en- 
hanced 35S promoter P-e35S (Kay et ai. I987i. 
several unique restriction sites a.-id the 0.7 kb 3 
non-translated region ol ths pea nbulosc 
bisphosphatc carboxylase small subunit E9 gene 
(E9 3') (Coruzzi. ©.. el al.. 1984 and Morelli. G ei 
al 1985). Plasmid pMON977 wes cut with Hindlll 
and Bglll to remove the CaMV P-e35S enhanced 
3SS promoter. A 605bp fragment containing the 
FMV full-length transcript promoter was excised 
(rem pMON1573 with Hindlll and Bglll and cloned 
into PMON977 to create pMON98i. Plasmid 
pMON981 thus contains the FMV »uil-l©ngth tran- 
script promoter and the 69-3' gene (FMV-E9 3 ) as 
an expression cassette. Also included in pMON98i 
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between the FMV SPoier at.u ^^--^ yo. - 
restriction endonuclous sites for Xbal. Bglll and 
Smal. A physical «nap of pMONSSI is shown m 

'^^ M *rdar tft tf»l«rmlr>e that th& iftdlated PMV 
sequence included the desired promoter region 
and to demonstrate the effectiveness and utility of 
the isolated FMV promoter, reporter genes wero 
inserted Into plant cassette vector pMON981 , The 
reporter genes chosen were the £. coli 0- 
Q|gcurofild9?o (GUS) coding sequence and the Ar- 
ebldopsls EPSP synthase gene containing a singis 
glycine to alanine substitution which causes th.s 
enzyme to be tolerant of glyphosat© herbicides. 

The E. coli /s-glucuronidase coding sequence 
was inserted into the unique Bglll site in the FMV- 
EO 3 cassette of plasmid pl^ON98i. The GUS 
gene was excised from pMON63r on an I685bp 
Bglll to BamHI fragment. The resulting plasmid was 
denoted pMON994 and contains the GUS gen© 
under control of the FIVIV promoter. Plasmid 
on40N994 is shown in Fig. 6 and a (low chart 
illustrating the development of pMON994 is shown 

In Fig. 7. . 1 Q 

6PSP synthase (5-enoipyruvyi-3- 

phosphoshikimale synthase: EC:25.1-19) is an en- 
zyme involved in the shikimic acid pathway of 
plants. The shikimic acid pathway provides a pre- 
cursor (or the synthesis of aromatic ammo acids 
essential to the plant. Specifically, EPSP synthase 
eaUly£89 m SSnvgrsign St phosphoenol pyruvate 
and a.pho.phonhlklmlo edd to ft-enolpyruvyl-a. 
phosphoshikimic acid. A herbicide containing N- 
phosphonomelhylglycine inhibits the EPSP syn- 
thase enzyme and thereby inhibits the sh.kirr.ic 
acid pathway of the plant. The term -glyphosate 
Is usually uied to r©»«f le the N-pheBehonomQlhyl. 
alyeifts harbieide In He aeidic or anionic Iprm?. 
Novel EPSP synthase enzymes have been discov- 
ered that exhibit an increased tolerance to 
glyphosate containing herbicides. In particular, an 
EPSP synthase enzyme having a single glycine to 
alanine substitution in the highly conserved region 
having the sequence: -L-G-N-A-G -T-A- located be- 
tween positions 80 and 120 in the mature wild-type 
EPSP synthase amino acid sequence has been 
shown to exhibit an increased tolerance to 
glyphosate and is described in the commonly as- 
signed pending patent application enticed 
-Glyphosate-Tolerant 5-Enolpyruvyi-3- 
PhosphoshiWmate Synthase" >^a^*"9^'J®- ^^J'^ 
number 931.492, the teachings of which are hereby 
incorporated by reference hereto. ^^'^^f^J^ 
transforming plants to exhibit glyphosate 
are discuSSed in the commonly assigned U.S. pat- 
Z application entitled "eWP^osate-Hesistant 
Plants." serial No. 879,814 filed July 7. 1986. he 
disclosure of which is specifically incorporated 
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synthase plant gene encodes a polypeptide which 
contains a chloroplast transit peptide (CTP) which 
enables the EPSP synthase polypeptide (or an 

aeliva ^rtlon th§r8io) to 68 tranip9rtg9 !n59 a 

ehlerepiast moid© the piom eoii. The «P8P syn- 
thase gene is transcribed into mRNA in the nucleus 
and the mRNA is translated into a precursor poly- 
peptide tCTP mature EPSP synthase) in the cytopl- 
asm. The precursor polypeptide is transported into 
the chloroplast. ' 

The EPSP synthase gene containing a single 
glycine to alanine mutation obtained from mutated 
Ardt>iaopsls thallana gene sequence was also in- 
serted into the FMV-E9 3' cassette vector of plas- 
mid PMON081. Plasmid pMON98l was cut with 
Xbal and Smal. The Arabldopsls EPSP synthase 
gene is located on plasmid pMON897. Plasmid 
nMON897 is obtained by excising the Arabldopsis 
EPSP synthase gene (AEPSPS) in pMONSOO by 
cutting with Clal and EcoRI. This fragment is in- 
serted into pMON855 which includes a multilinker 
containing sites for EcoRI, Clal and Xbal. Plasmid 
PM0N855 is cut with Clal and EcoRI and the 
Arabldopsis EPSP synthase fragment isolated 
from pMONBOO is inserted. The resulting plasmid 
is pMONS97. Plasmid pMON897 was then cut with 
EcoRI and the ends were filled in using Klenow 
polymerase and then cut with Xbal and the Ar- 
abldopsis EPSP synthase gene was excised as a 
3881 bp fragment. The Arabldopsis EPSP syn- 

ihita aene was ihsn eioned inls pMQNSi]^^!; 

gested with Xbal and Smal to ereaio pMONBee. A 

physical map of pMON99G is shown in FiQ^^ B and a 
flow chart illustrating the development of pf^ON996 

is shown in Fig. 9- . • „ 

Once ttie FMV-E9 3 cassette vector containing 
the desired reporter gone Is prepared, t^© veeter 
can then be Inserted into •uitable AgrobQGtQrtum 
strains for Agrobactdrlum mediated transformation 
fn o P'ants or plant cells. The AgrobaclBrlur^ 
wmsraclens strain to be used preferat^iy contains 
a disarmed Ti plasmid. Two particularly useful 
strains are Agrobacterlum tumefacens strain 
A208 carrying the disarmed T. P'f ^1'^^° 
derivative. plVlP90RK (Koncz and Schell. 1986) and 
the ACO Agrobacterlum wmefaciens strain carry- 
ing the disarmed pTiT37-CO nopaline type plas- 

"""^The A. tumefaciens strain 208 carrying the 
disarmed pMP90RK plasmid does not carry tho T- 
DNA phytohormone genes and therefore cannot 
cause crown gall disease. When this strain .s used 
for plant transformations, the vector P^^^^^.'^ s 
troduced into the Agrobacterlum by the tr.parenval 
conjugation system (Ditta et al. 1980) '^^'"B J^^ 
heipe? plasmid pRK20l3. The vectors are trans^ 
ierred to plant ceils by the vir functions encoded 
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by the disarmed pMpgORK Ti plasmid. Analysis of 
transformant* sugsost that the vector Is opened at 
the pTiT37 right border sequence and the entire 
vector sequence is insertf^ jpjg t|ig p.gtt Riant 
6ht6fin6»6me. the pMI^OORK ti pla»mld is preb. 
ably not transferred to the plant cell but remains in 
the Agrobactertum. 

Figure 10 shows a restriction map of the T- 
ONA regions of the Agrobacterium tumefac/ens 
strain pTiT37 p(asn-iid which was disarmed to cre- 
ate the ACQ Agrgbegterium straifi. This sum 

carries the disarmed pTIT37-C0 nopaline type plas- 
mid. The hatched boxes in Fig, 10 show the ma- 
monts of the Ti plasmid DNA which were used to 
provide homology for recombination and replace- 
ment of the T-DNA. The T-DNA segment was re- 
placed by the Tneot bacteria kanamycin resistance 
gene (Kn") segment joined to the OriV and pBR322 
segment homologous to the vectors described 
above. The recombination between the disarmed 
pTiT37-CO and plant cassette vector takes place 
through the pBR322 oriV area of homology result- 
ing in the hybrid T-DNA which contains the entire 
DNA of the cassette vector plasmid. On cultivation 
of the Agrobactertum with plant cells, the hybrid 
T-DNA segment between the left and right borders 
IS transferred to the cells and integrated into the 
genomic DNA. 

Once the vector has been introduced into the 
disarmed Agrobacter/um strain, the desired plant 
can then be transformed. Any known method of 
transformation that will work with the desired plant 
can be utilized. These methods include the leaf 
disc method of Horsch et at. (1S84) and as adapted 
by Fry et al. (1986) for Brassica napus. Also 
conceived to be within the scope or the present 

Invention is the use of PNA fragments sr veciors 

itieluaihg the PMV promoter eoQucneoa cpuplpcf 
with heterologous DNA sequences in the trans- 
formation of plants utilizing techniques such es 
electroporation or particle gun transformation. 

Suitable plants for the practice of the present 
invention Include, but are not limited to. soybean, 
cotton, alfalfa, oilseed rape. flax, tomato, sugar 
beet, sunflower, potato, tobacco, maize, wheat, rice 
and lettuce. 

The effectiveness of the Fl^v promoter was 
determined by comparison studies with the en- 
hanced CatyiV35S promoter. In one study. 
pM0lsi994 containing the FMV promoter including 
the 5 non-translated leader sequence from FMV 
fused to the ^-glucuronidase reporter gene and the 
£9-3 non-translated polyadenylaiion region from 
pea was introduced into tobacco using the loaf disc 
method of Horsch et al. (1984) and transgenic 
plants obtained. 

Tobacco {NicotianI tabacum war. samsun) leaf 
disks with diameters of about 6mm (iinch) wore 



taken from surface sterilized tobacco leaves. Those 
were cultivated on MS 104 agar medium for two 
days to promote partial cell wall formation at the 
wound SUFFaaeS. They WSf& then submerged in , 
a eulture of A, tumafae/ens cells containing both 
PMON994 and pMP90RK which had been grown 
overnight in Luria broth at 28 *C. and shaken gon- 
tly. The cells were removed from the bacterial 
suspension, blotted dry. and incubated upside 
10 down on filter paper placed over -nurse" eyityrgg 
ef tobaeeo eslls as described by Horsch (VseO)* 
After two or three days, the disks were transferred 
to pelri di3h«s, containing MS media with 500ug ml 
carbenicillin with no nurse culture, 
's Control tissue was created using a 

tumefacfens cells containing the helper plasmid 
pMPSORK and a different plant transformation vec- 
tor, pMONSOS. which contained a T-DNA region 
with a NOS/NPTII..NOS kanamycin resistance gene 
?o and a NOS selectable marker gene identical to 
PMON994. but without the FMV-^-glucuronidase 
gene. 

Within ten days after transfer to the MS media 
actively growing callus tissue appeared on the pe- 
as nphery of all disks on both the control and trans- 
formed plates. 

Transformed tobacco plants were produced by 
regeneration from the above-described transformed 
leaf disks by the procedure described by Horsch 
30 et al. (1985). The transformed plants obtained con- 
tained the pMON994 vector which contains the 
FMV promoter fused to the /S-glucuronidase gene. 

The same procedure as described above was 
utilized to Obtain transformed tobacco plants con- 
35 taining the enhanced CaMVSSS (CaMVe35S or P- 
e3SS) promoter fused to the ^-glucuronidase ro- 

porter 9@na and the 19.3 fiart-transiaied 
pQiyadenyiaiien regien from pea. 

A second study involved obtaining transformed 
40 canola plants (Brassica napus) carrying the Ar- 
abldopsis EPSP synthase gene containing a single 
glycine to alanine substitution at amino acid 101 
driven by either the FMV promoter or the 
CaMVe35S promoter. The pMON996 plasmid car- 
"s rying the Arabidopsis EPSP synthase gene di- 
rected by the FMV promoter was introduced into 
canola by the method of Fry et al. (1986). Four 
terminal internodes from plants just prior to bolting 
or in the process of bolting, but before flowering 
50 were removed and surface sterilized in 70" v v 
ethanol for one minute, 2% w v sodium hypochlo- 
rite for twenty minutes, and rinsed three times in 
sterile distilled water. Stem segments were cut into 
5mm discs (Stringam 1977) and placed in a sterile 
ss iSxtOOmm Petri plate, noting the orientation of the 
basal end. The discs were inoculated for five min- 
utes by pouring two to four milliliters of an over- 
night culture of the ACQ A. tumetaciens strain 
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containing pMON996 as previously described over 
the discs in the pelri plate and then blotted dry by 
placing sterile filter paper in the petri plate and 
turni^rte the plate ovai* lift Ab&drb any 6tte§§S bae« 
teria. The stem discs were placed basal side down 
on feeder plates on medium containing 1'lOx stan- 
dard f^S salts. B5 vitamins. 3% sucrose. 0.8% 
agar. pH 5.7. img/l BA and 1.4ml TXD feeder ceils 

(Morseh 9t e!, 1985). 

After 9 tws !9 W*9 ^ay cocultyre period, stem 
discs were transferred, five to a deep dish petrl 
plate (25 X 100mm) containing the same medium 
with standard f^S salts. Img-1 BA. 500 mg/l car- 
t>eniclllin. 0.3 mm arginine. and 100 mgl 
kanamycin for selection. At three weelts the stem 
©xplants were transferred to fresh plates containing 
the same medium. Culture of the explanls was in a 
growth room under continuous cool white light at 
26* C Shoots that developed in the next one to 
three week period were excised from the stem 
explants. dipped in Rootone® and placed in 2'.2 
inch pots containing water saturated Metro Mix 350 
in closed GAF containers for ten days in a cham- 
ber with a constant temperature of 2i ' C and a 16 
hour photoperiod. The shoots are assayed for the 
presence Of kanamycin resistance immediately 
after being excised from the stem explant while still 
sterile. 

This same procedure was used to obtain trans- 
formed canola plants containing the enhanced 
CaMVeSSS promoter fused to the Arabidopsis 
EPSP synthase gene by inoculating th© stem seg- 
ment discs with AGO Agrobacterium tumefaciens 
strain containing pfi/ION899. 



Example 1^ 

Transformed plants containing the GUS gene 
driven by either the FMV full-length promoter or 
the enhanced Caf«1Ve35S promoter were assayed 
using a histological staining procedure to determine 
GUS activity in the transformed cells. The results 
of these assays on plants transformed with 
ptVlON994 (FMV/QUS.'E9) were compared to the 
results Of the same assays perlormed on plants 
transformed with pMON977 (Caf^Ve35S/GUS,E9). 

The histochemical assay of the tobacco plants 
containing the FMV/GUS,E9 and 

CalV1Ve35S/Gl.*S/E9 constructs involved examina- 
tion of young flower bud (10mm) sections of the 
transformed plants to determine GUS activity. The 
flower bud section of the transformed plant was 
prepared by using a razor blade to free-hand sec- 
lion the plant tissue into sections less than 0.5mm 
In thickness. The tissue was then placed in excess 
X-gluc solution so that the section was fuUy cov- 



ered. Pullih'g a vacuum on the sections may aid in 
penetration of the X-gluc solution. A 50ml X-gluc 
solution was prepared by combining 25ml of 0.2M 

NaPOt bUltSF 7.0, S4.0ml dN«0, Q.2Sml Q.1M 
s K3[re(CN)Bl. O.aBml 0.1M KilFetCNHl and o.Bmi 
EDTA.pH7.0. To this solution, 50mg of X-g\uc 
(5-bromo-4-chloro-3-idolyl-/S-glucuronide) obtained 
from Research Organics (Cleveland. Ohio) was ad- 
ded and stirred until dissolved. The solution was 
fo than preferably Bt«rili«0d by rillratien. The flower 
bud «eeWart» in the X.8lue selutiof^ ware men 
placed at 37*0 for 2-4 hours. Care was taken to 
prevent evaporation of the solution. After the in- 
cubation period, the sections were rinsed with 
»s phosphate buffer, or distilled HjXD, and the sections 
were examined immediately with a dissecting 
scope or compound microscope. If there is interfer- 
ence from the pigments, the tissue can be fixed in 
FAA solution (85ml 50% ethanol. 5ml glacial acetic 
so acid and 10ml formalin) for 24 hours. Problems 
with phenolics can be mitigated by the addition of 
sodium metabisulfite to 20mM to the staining solu- 
tion just prior to staining. Figure 11 illustrates the 
results of the histological staining assay of the FMV 
25 containing GUS construct and the Caf«1Ve35S con- 
taining GUS construct, respectively, 

A positive test for the presence of GUS activity 
is shown by a blue coloration appearing in the 
tissue of the assayed plant section. In Fig. li. a 
30 color photograph of the stained section of a to- 
bacco flower bud transformed with the ff- 
glucuronidase gene driven by the enhanced 
CatvlVe35S promoter (a) and the FIvlV lull-tongth 
promoter (b) is shown. Fig. 11(a) exhibits a typical 
35 staining profile for a CafVIVe35S promoter driven 
GUS gene with staining in some tissues and no 
staining in other tissues within a single transgenic 
plant. The level of expression in those tissues 
expressing the GUS gene is considered fair. In Fig. 
40 1 1 (b). tissue from a plant transformed with the FKAV 
promoter driven GUS gene shows that the trans- 
formed plant is showing much higher levels of GUS 
expression and a more uniform pattern of expres- 
sion throughout the tissue and cells. This is illus- 
trated by the predominant blue coloration through- 
out the section. 

Th© distribution of expression and the number 
of highly expressing transgenic plants obtained 
show that the FfWlV promoter is superior in tissue 
so distribution and uniformity of expression when 
compared to the best enhanced CaMV promoter 
containing transformed plants. Greater than 90% of 
the FIVIV/GUS containing transformed plants 
showed very strong GUS expression and that the 
55 staining was uniform from plant to plant and tissue 
to tissue. This staining is consistently as good m 
the Fh/IV containing plants as that in the best 
enhanced Caf^^V GUS plants identified. 
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Example Z 



Transgenic plants containing the Arebidopsis 
BPSP synthase gans containing a single glycine to 
aiamine mutation at nucleotide 101 driven by either 
the FMV promoter or the CaMVe35S promoter 
were Obtained and analyzed for resistance to 
elyphesatd. THa transsanle plants eenlaining the 
Arabidopsls EPSP synthase gene (as described) 
directed by the PMV promoter contained pMON99e 
while those plants containing the enhanced 
CaMVe3$$ promoter contained pMON899. These 
transgenic plants were planted and the seed fronn 
the Ro plants harvested, threshed and dried before 
planting tor a glyphosate spray test. The progeny 
were planted in 4-inch square pots of Metro 350 
and three types of slow release fertilizers. A goal of 
twenty seedlings from each Rp plant is desiratjie 
for testing. Germination frequency is usually high 
but overplanting ensures that twenty seedlings are 
present. The plants were thinned down by select- 
ing the twenty most vigorous and erect seedlings 
seven to ten days after planting. A negative control 
(non-transtormod, "Westar" variety) was planted at 
the same time to maintain quality and display the 
results. The plants were maintained and grown in a 
greenhouse environment. A sixteen-hour 
photoperiod and a temperatur© of 21 *C (day) and 
15* C (night) was maintained. Water soluble Peters 
Pete Lite fertilizer with an analysis of 20-1d-1& was 
applied once per week or as needed. 

Two plants from each Ro progeny were not 
sprayed and served as controls to compare and 
measure the glyphosate tolerance. When the re- 
maining plants reached the six to eight leaf stage, 
usually 20 to 28 days after planting, glyphosate 
was applied at a rate equivalent to 0.28 Kg/ha. Low 
rate technology using low volumes has been adopt- 
ed. A volume of ten imperial gallons for 0.28 Kg ha 
of glyphosate is standard in field tests. A laboratory 
test sprayer had k>een calibrated to deliver a con- 
sistent rate equivalent to *ieid conditions. 

Results of reproductive evaluations are shown 
in Fig. 12. These calculations are based upon a 
numerical scoring system relative to nonsprayed 
controls. Reproductive scores are examined at 28 
days after spraying and are based upon six distinct 
conditions In which the main meristem or flowers 
reacted to the glyphosate. The scale used is: 
0 s no floral bud development 
2 = floral buds, but aborted prior to opening 
4 = flowers without antlers, antlers should protrude 
past petals 

6 ^ flowers with normal appearing antlers, but 
sterile 

8 " flowers with partially sterile antlers 
10 = fully fertile flowers 



Figure 12 compares th© reproductive scores of 

Vis tQial numt^sr et transssnic Gsnsia lines contain^ 

ing the PMV promaiar with iransganle lines eQn< 
taining the Caf^VeSSS promoter. As can be seen in 

s Fig. 12, the reproductive scores of three of the 
seven transgenic lines containing the FfVlV pro- 
moter (plVlON996) are better than any of the scores 
fronn lines containing the Caf^VeSSS promotor 
(eMON899)- In faet, the trarisgenic lines eontairting 

10 pl^ON899 used in Fig. 12 exhibit the highest levels 
Of glyphosate tolerance among ISO lines previously 
tested. This demonstrates that the FWN promoter 
more uniformly expresses a gene product through- 
out the tissues and cells of the plant; and particu- 

rs larly in the floral buds. It is to be understood that 
*n increased level of expression in the floral buds 
is important lor maximal glyphosate resistance. 

The embodiments and examples described 
above are provided to better elucidate th© practice 

20 of the present invention. It should be understood 
that these embodiments and examples are pro- 
vided for illustrative purposes only, and are not 
intended to limit the scope of the invention. 
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Claims 

1. A full-length transcript promoter from figwort 
mosaic virus. 

2. The promoter o( claim i wherein said promoter 
has the nucleotide sequence as shown in 
nucleotides 6368 to 6930 of Figure 1. 

3. A promoter of claim 1 further comprising a 5 
non-translated leader sequence from figwort mo- 
saic virus. 

4. A promoter of claim 1 further comprising a 5 
non-translated leader sequence from a source het- 
erologous with respect to the promoter. 

5. The promoter of claim 3 wherein said promoter 
has the nucleotide sequence as shown in Figure 1. 

6. A method for transforming a plant cell to e»<press 
a chimeric gene, the improvement comprising a 
chimeric gene containing a full-length transcript 
promoter from figwort mosaic virus. 

7. A method of claim 6 wherein said promoter 
includes a 5 non-translated leader sequence. 

8. A method of claim 7 wherein said 5 non- 
translated leader sequence is from figwort mosaic 
virus. 

9. A method of claim 7 wherein said 5' non- 
translated leader sequence is from a source het- 
erologous with respect to the promoter. 

10. A chimeric gene that (unctions in plant cells 
comprising: 

a full-length transcript promoter from figwort mo- 
saic virus; 

a structural DNA sequence that is heterologous 
with respect to the promoter; and 
a 3 non-translated region which encodes a 
polyadenylation signal which functions in plant cells 
to cause the addition of polyadenylate nucleotides 
to the 3' end of the RNA. 

11. The chimeric gene of claim 10 wherein said 



30B 4227 ^^MPlY IB, 1993 10:26fiM tte30 P. 16 

promoter further comprises a 5 non-translatod 
leader sequence. 

12. The chimeric gene of claim 1 1 wherein said s' 

MfiiiUMkMi leader ft^ctuaMce is Itom tlgwerl mo< 
5 sale virus. 

13. The chimeric gene of claim 11 wherein said 5' 
non-translated leader sequence is from a source 
heterologous with respect to the promoter. 

14. A chimeric gene of claim ID wherein said 
10 strMCturaj PNA sequenp@ comprises a Ceding se- 
quence which causes the production of RNA. en- 
coding a chloroplast transit peptide/S- 
Bnolpyruvylshikimate-3-phosphat© synthase fusion 
polypeptide, which chloroplast transit peptide per- 

ts mits the fusion polypeptide to be imported into a 
chloroplast of a plant cell. 

15. A transformed plant cell that contains a 
chimeric gene compnsing: 

a full-length transcript promoter from figwort mo- 
io saic virus: 

a structural DNA sequence that is heterologous 

with respect to said promoter; and 

a 3 non-translated region which encodes a 

polyadenylation signal which functions in plant cells 
iS to cause the addition of polyadenylate nucleotides 

to the 3' end of the RNA. 

16. A plant cell of claim 15 wherein said promoter 
further comprises a 5' non-translatod loader se- 
quence. 

30 17. A transformed plant cell ol claim 16 wherein 
said 5 non-tianslated leader sequence is from 
figwort mosaic virus, 

18. A transformed plant cell of claim 16 wherein 
said S non-translated leader sequence is from a 

35 source heterologous with respect to the promoter. 

19. A transformed plant cell of claim 15 wherein 
Said structural DNA sequence (urther comprises a 
coding sequence which causes the production of 
RNA, encoding a chloroplast transit peptide'5- 

40 enolpyruvyIshikimate-3-phosphato synthase fusion 
polypeptide, which chloroplast transit peptide per- 
mits the fusion polypeptide to be imported into a 
chloroplast of a plant cell. 

20. A transformed plant cell of claim 19 wherein 
45 the coding sequence encodes a glyphosate tolerant 

5-enolpyruvylshikimafe-3-phosphate synthase 
(EPSPS). 

21. A transformed plant cell of claim 19 wherein 
the chloroplast transit peptide is from a plant 

60 EPSPS gene. 

22. A chimeric gene of claim 14 wherein the coding 
sequence encodes a glyphosato-toierant 5- 
enolpyruvylshikimate-3-phosphate synthase 
(EPSPS). 

5S 23. A chimeric gene of claim 14 wherein the 
chloroplast transit peptide is from a plant EPSPS 
gene. 

24. A plant transformation vector which comprises 
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a disarmed plant tumor inducing pJasmid of Ao- 
robacteriuni tumefaciens which is capable of insert- 
ing a chimeric gene into susceptible plant c«lls 

Wherein S8fd ehlrosfie gsne eamambi « JuK-iert^th 

tron««p, promtofr from f Igwprt mosaic virus and a 6 
structural DNA sequence that is heterologous with 
respect to the promoter. 

wh^rl"'"?.' *™"«'°^"'ation vector of claim 24 
where.n sa.d promoter further comprises a 5' non- 
translated loader sequence. ^ non 
28. A etant tfaf^sfdfflftfiiioh veeter claim is 

where.n said 5 non-,rans.ated leader sequence is 
from figivort mosaic virus. 

27 A plant transformation vector of claim 25 
wherein said 5 non-translated leader sequence is ,5 
promoter*""'*'^ Heterologous with respect to the 

nf^:f ''^"SQenic Plant which comprises plant cells 

of any of Claims J 5 to 21. 

29. A seed from a plant of Claim 28, 
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6358 JE?I^????j?IIJ^5CAGCATTCCAGATrGGGTTCAATCAACAAGGTACGAGCCATATC 

AQTAGTTTTATMATCGTCGTAAOGTCTAACCCAAGTTAGTTGTrSATGcS^ ^^"^ 

'^CTTTATTCAAATTGGTATCGCCAAAACCAAGAAGGAACTCCCATCCTCAAAGGTTTGTA 

TGAAATAAGTTTAACCATAGCGGTTTTGGTTCTTCCTTGAGGGTAGGAG^ 

6478 ?^??5??IIH^^^?^'^^^^'^^C"CAACAAGGTCAGGGTACAGAGTCTCCAAACCArTA 

* ^4 — — + 6537 

TCCTTCTTAAGAGTCAGGrTTCGGAGTTGTTCCAGTCCCATGTCTCAGAGGTTTGGTAAT 

GLX A AA AGC T AC AGG ACA TCAA TGAAGAA TCT TCAATC AAAG T AA AC TAC TG T T CCAGC A 
fcOJo — -f — — ■ — f 4., ^ 

CGGTirTCGATGTCCTCTAGTTACTTCTTAGAAGTTAGTTTCATTTGATGACAAGGTC^ 
6538 ^'^^^^^^'^I^^l'^'^^^'^^^^T^^^f^'^'^A'^AC^CATCCACCGAACACTrAAAGTTAGTGG 

-i.::."::'^" * + — ^ — ^ 5^57 



GTACGTAGTACCAGTCATTCAAAGTCTTTrTCTGTAGGTGGCTTCTGAATrTCAATCACC 

GCATCrTTGAAAGTAATCnGTCAACATCGAGCAGCTGGCTTGTGGGGACCAGACAAAAA 
+ ^ ^ ^ ^ 

GGTAQAAACTTTCATTAGAACAGTTGTAGCTCGTCGAeDGAAEAeeeCTeerCTGTTfn 



AGGAATGGTGCAGAATrGTTAGGCGCACCTACCAAAAGCATCTTTGCCTTTATrGCAAAG 
6718 + 4. + + _ 

TCCTrACCACGTCrTAACAArCCGCGTGGATGGTTTTCGTAGAAACGGAAATAACGTTTC 

ATAAAGCAGATTCCTCTACTACAAGTCGGGAACAAAATAACGTCGAAAACAGCTGTCCTG 
fa//0 + 4 ^ ^ ^g^^ 

TATTrCGTCTAAGGAGATCATGTTCACCCCTTGTTTTATTGCACCTTTTCTCGACAGGAC 

ACAGCCCACTCACTAATGCGTATGACGAACGCAGTGACGACCACAAAAGAATTCCCTCTA 
6838 f f + 4 ^ ^ 

TGTCGGGTGAGTGArTACGCATACTGCTTGCGTCACTGCTGGTGTTTTCTTAAGGGAGAT 

S 

s ■ ■ 
P 

TATAAGAAGGCATTCATrcCCATTTGAAGGATCATCAGATACTGAACCAATATTTCTC 
6898 4-— , ^— f , , ,-55 

ATATTCTTCCGIAAGTAAGGGTAAACTTCCTAGTAGTCTATGACTrGGTrATAAAGAG 
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